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INTRODUCTION
Butterworth reported in 1974 that an alarming
number of hospitalized patients were malnourished
and hypoalbuminemic (1). Since then, it has been
believed that the serum albumin level is one of the
best indicators of nutrition status and that the poor
nutrition status marked by hypoalbuminemia means
severe protein malnutrition in particular (2-8). In
the 1990s, some investigators questioned whether
the serum albumin level is a reliable indicator of
nutrition status. As a case in point, anorexia nervosa
patients are malnourished but have a normal serum
albumin level (9). In addition, some patients after
severe trauma or surgery show severe hypoalbumi-
nemia but are not malnourished. Furthermore, even
patients with increasing body weight under adequate
nutritional support can show low serum albumin
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levels (10-16). Nevertheless, the serum albumin
level has been used in subsequent risk assessments
for pressure ulcer development and has been con-
sidered a marker for pressure ulcer healing (17-19).
We conducted a retrospective study in an acute
care setting to clarify the significance of the serum
albumin level in assessing the nutrition supply of
patients with pressure ulcer(s) by analyzing serum
albumin levels with respect to caloric intake, blood
test results, and survival outcomes and by compar-
ing values between various patient subgroups.
METHODS
Patients
The study included 82 patients with pressure
ulcer(s) who were treated at Tokushima University
Hospital between April 2007 and December 2009.
Only patients who underwent five or more blood
tests between the time of admission and the time of
discharge or in-hospital death were included in the
study. No patient who underwent blood transfusion
was included. In addition, no patient who was moni-
tored for fewer than 4 weeks was included. Charac-
teristics of the study patients, including the reasons
for hospitalization, are shown on Table 1. The pres-
sure ulcers developed in 29 of the patients before
admission and in 53 after admission.
Data collection
Patient data including demographic character-
istics, blood test results, and caloric intake were
collected from medical records. Blood test results
included serum albumin levels, C-reactive protein
(CRP) levels, white blood cell (WBC) count, red
blood cell (RBC) count, and hemoglobin (Hb) lev-
els.
Each patient’s caloric intake was calculated ac-
cording to the amount of enteral or parenteral nutri-
tion, contents of the parenteral or enteral solution,
and feeding rate, from the patient’s medical record.
Caloric intake from the day of a blood test until the
day of the next blood test was totaled and then av-
eraged per number of days between tests to yield a
daily value. In addition, basal energy expenditure
(BEE, as determined by the Harris-Benedict Equa-
tion), caloric intake/BEE, and caloric intake/body
weight were calculated.
Analyses
Correlation between serum albumin levels and bio-
chemical and clinical measurements
Serum albumin levels were analyzed in relation to
six variables : CRP level, WBC count, RBC count,
Hb level, caloric intake/BEE, and caloric intake/
body weight. In addition, CRP levels were analyzed
in relation to WBC count. The average, median, and
distribution of each correlation coefficient (Pearson’s
product-moment correlation coefficient) were cal-
culated. Significance of the correlation was deter-
mined by Student’s t-distribution.
Serum albumin levels and caloric intake
To analyze serum albumin levels in relation to
caloric intake, the patients were divided into two
groups : a greater caloric intake group (average
caloric intake was over 25 kcal/kg/day during the
Table 1. Patient characteristics (n=82)
Variable Value
Age 64.415.1 years
Sex
Male 50 (61%)
Female 32 (39%)
Number of in-hospital deaths 28 (34%)
Average period of hospitalization 76.361.7 days
Body weight
Male 63.513.6 kg
Female 52.015.2 kg
Body mass index 23.55.5
Condition responsible for the formation
of pressure ulcers
Surgery 26 (32%)
End-stage malignant disorder 20 (24%)
Neurogenic disorder 19 (23%)
Respiratory disorder 5 (6%)
Other 12 (15%)
Stage of pressure ulcers
I 11 (5*)
II 52 (41*)
III 2 (1*)
IV 14 (6*)
Unknown 3 (0*)
Number and percentage of patients are shown unless otherwise
indicated.
*Number of patients in whom pressure ulcer developed after ad-
mission.
Pressure ulcer stages : I, non-blanchable erythema ; II, partial
thickness skin loss ; III, full thickness skin loss ; IV, full thickness
tissue loss (National Pressure Ulcer Advisory Panel’s pressure
ulcer staging system).
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4-to-8 week- pressure ulcer treatment period) and
a lesser caloric intake group (average caloric intake
was under 25 kcal/kg/day during this period). Se-
rum albumin levels were obtained before pressure
ulcer treatment and 4 to 8 weeks after treatment
was started in each group. The two values were
compared between the two different caloric intake
groups by means of paired t-test.
Change in serum albumin levels in relation to CRP
levels
To analyze serum albumin levels in relation to
CRP levels, the patients were divided into three
groups : those in whom serum albumin increased
by more than 0.3 g/dL, those in whom serum albu-
min decreased by more than 0.3 g/dL, and those in
whom serum albumin changed only minimally (be-
tween +0.3 and -0.3 g/dL). The changes were based
on the difference in CRP levels recorded before the
pressure ulcer treatment and those recorded 4 to
8 weeks after the treatment was started in each
group. Change in the CRP level in each group was
analyzed by Wilcoxon signed-rank test.
Serum albumin levels and post-admission develop-
ment of pressure ulcers
Serum albumin levels were analyzed in the 53
patients in whom pressure ulcers developed after
admission. These patients were divided into two
groups : those with shallow Stage I ulcers and those
with deep Stage II to IV ulcers. The stages were
assigned according to the National Pressure Ul-
cer Advisory Panel’s pressure ulcer staging system
(http : //www.npuap.org/resources/educational-
and-clinical-resources/). These patients were also
divided into two groups based upon whether ulcers
healed or did not heal during the period of hospi-
talization. Thus, the serum albumin levels upon ad-
mission were compared between patients with shal-
low ulcers and patients with deep ulcers and also
between patients in whom the ulcers healed and
those in whom they did not heal. Analysis was made
by Mann-Whitney U test.
Serum albumin levels and survival outcomes
To analyze serum albumin levels in relation to
survival outcomes, the patients were divided into
two groups : those who died during their hospital
stay and those who were discharged. Serum albu-
min levels upon admission and serum albumin lev-
els after 4 to 8 weeks of treatment were compared
within each group and analyzed by paired t-test. In
addition, serum albumin levels were compared be-
tween patients who died during their hospital stay
and those who were discharged and then analyzed
by Mann-Whitney U test. Twenty-eight patients
died during their hospital stay, but three of these
patients were omitted from the survival analysis be-
cause serum albumin levels just before death were
lacking.
Statistical analyses
Data are expressed as mean (standard deviation
[SD]). All analyses were performed with Microsoft
Excel 2007 (Microsoft Corporation, Redmond, WA,
USA). Significance was accepted at p0.05.
RESULTS
Correlation between serum albumin levels and bio-
chemical and clinical measurements
Serum albumin levels correlated positively and
significantly with Hb levels and RBC counts and
negatively and significantly with CRP levels (p
0.01). Serum albumin levels did not correlate with
WBC counts. However, significant positive correla-
tion was found between CRP levels and WBC counts
(p0.05). No correlation was found between serum
albumin levels and caloric intake (Table 2).
Serum albumin levels and amount of the caloric
intake
In greater caloric intake group, serum albumin
levels before pressure ulcer treatment and after the
start of pressure ulcer treatment were 2.80.5 (g/
dL) and 2.60.8, respectively. In lesser caloric in-
take group, serum albumin levels before pressure
Table 2. Correlation between serum albumin, CRP, and other
variables
Albumin level CRP level
CRP (n=82) -0.4460.415
WBC (n=82) -0.03540.529 0.2460.470*
Hb (n=82) 0.5510.424**
RBC (n=80) 0.5450.412**
Caloric intake/BEE
(n=60) 0.0999
0.537
Caloric intake/body
weight (n=59) 0.113
0.542
Average and standard deviation of correlation coefficients are
shown. *p0.05 (positive correlation) vs. CRP level ; **p0.01
(positive correlation) vs. albumin level ; p0.01 (negative cor-
relation) vs. albumin level, by Student’s t -distribution.
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ulcer treatment and after pressure ulcer treatment
were 2.40.6 (g/dL) and 2.40.8, respectively
(Fig. 1). No significant difference was found in the
serum albumin levels obtained before and after the
start of pressure ulcer treatment in either the greater
or and lesser caloric intake group.
Change in serum albumin levels in relation to CRP
levels
In the group of patients in whom serum albumin
increased, the CRP level before pressure ulcer treat-
ment and after the start of pressure ulcer treatment
were 8.89.7 (g/dL) and 1.71.9, respectively. In
the minimal change group, the CRP levels before
pressure ulcer treatment and after the start of
pressure ulcer treatment were 3.24.8 (g/dL) and
3.03.8, respectively. In the group in which serum
albumin decreased, the CRP levels before pressure
ulcer treatment and after the start of pressure ulcer
treatment were 3.23.2 (g/dL) and 7.56.8, re-
spectively. The CRP levels between before and after
the treatment were significantly different (p0.01)
in the albumin increase and decrease groups by
Wilcoxon signed-rank test (Fig. 2).
Serum albumin levels and development of pressure
ulcers
Among the 53 patients in whom pressure ulcers
developed during their hospitalization, the admission
serum albumin level for those in whom shallow ul-
cers developed was 3.1 (0.6) g/dL, and the admis-
sion level in those in whom deep ulcers developed
was 3.1 (0.8) g/dL. The two albumin levels did
not differ significantly. The admission serum albu-
min level of patients in whom the ulcers healed was
3.4 (0.7) g/dL, and the admission level of those
in whom ulcers did not heal was 2.8 (0.6) g/dL.
These two albumin levels did differ significantly (p
0.01).
Serum albumin levels and survival outcomes
Among patients who were discharged, the serum
albumin level upon admission (3.2 [0.6] g/dL) did
not differ significantly from the level recorded near
the time of discharge (2.9 [0.6] g/dL). Among pa-
tients who died in the hospital, the serum albumin
level near the time of death (1.9 [0.4] g/dL) was
significantly lower than the level at the time of ad-
mission (2.6 [0.5] g/dL) (p0.001). Serum albu-
min levels at the time of admission and after the 4
to 8 weeks of treatment were significantly higher
in patients who survived than the respective levels
in patients who died (p0.001).
Case Reports
Case 1 : A 34-year-old woman was hospitalized
under the diagnosis of putaminal hemorrhage. She
underwent the operation to remove hematoma three
times in her admission. Pressure ulcer of Stage IV
developed at left auricle when she underwent the
second surgical drainage of the brain abscess 18
days after admission. The pressure ulcer was not
healed when she discharged 79 days after admis-
sion. Serum albumin levels correlated negatively
with CRP levels (Fig. 3).
Case 2 : A 60-year-old man was hospitalized un-
der diagnosis of interstitial pneumonia, diabetes mel-
litus and quadriplegia because of Guillain Barré syn-
drome. At the time of admission, he already had
pressure ulcer (Stage IV) at his right heel. Drainage
of retropharyngeal abscess was performed 23 and
31 days after admission. When he died 50 days after
admission, the pressure ulcer (Stage III) still re-
mained. Serum albumin levels correlated negatively
with CRP levels. Both levels did not correlate with
the condition of his pressure ulcer (Fig. 4).
Figure 1. Serum albumin level per nutritional supply
Greater caloric intake group (n=16) ;25 kcal/kg/day, Lesser
caloric intake group (n=16) ;25 kcal/kg/day No significant
within-group differences were found.
Figure 2. CRP levels per change in serum albumin
Alb- increase group (n=26) ; serum albumin increased by more
than 0.3 g/dL, Minimal change group (n=19) ; serum albumin
changed only minimally (between +0.3 and -0.3 g/dL), Alb-de-
crease group (n=16) ; serum albumin decreased by more than
0.3 g/dL.
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DISCUSSION
It is still believed that the serum albumin level is
a useful indicator of nutrition status and that malnu-
trition is characterized by a low serum albumin level.
However, because the half-life of serum albumin is
about 20 days and the body pool of serum albumin
is large, the serum albumin level does not respond
readily to the patient’s nutrition status in the acute
phase of severe illness or injury. Furthermore, the
serum albumin level is affected by a variety of fac-
tors such as insulin, thyroid hormone, inflammatory
cytokines, hypermetabolism, malabsorption, and in-
travascular volume overload (16). The decrease in
serum albumin resulting from inflammatory cytoki-
nes is a most important issue among hospitalized
patients (20). Inflammatory cytokines such as IL-1,
IL-6, and TNF-α increase synthesis of acute-phase
proteins such as CRP to protect the body from
trauma. At the same time, the inflammatory cytoki-
nes decrease synthesis of constitutive proteins such
as serum albumin and increase its degradation. The
inflammatory cytokines also promote capillary per-
meability and leakage of serum albumin into ex-
travascular space. Thus, it is supposed that there is
an inverse correlation between the CRP and serum
albumin levels, although the difference in half-lives
results in a time lag between the two biomarkers.
The inflammation in our patients was presumed to
have been caused not only by the pressure ulcers
but also by the patients’ disease states and surger-
ies ; all were acute care patients.
We found a significant positive correlation be-
tween the serum albumin level and the Hb level
and RBC count, indicating that inflammation is re-
lated to the synthesis of Hb. Hepcidin, an acute-
phase protein, is increased by IL-6 in inflammatory
disorders. The hepcidin decreases synthesis of Hb
because it is a negative regulator of intestinal iron
absorption and iron release from macrophages (21).
In our study, an increase in the CRP level was re-
lated to a decrease in the serum albumin level, Hb
level, and RBC count. This result suggests that the
decrease in these factors is affected not by malnutri-
tion but rather by inflammation. Therefore, the se-
rum albumin level is not sufficient for assessment
of nutrition supply.
The serum albumin level is still used to assess the
adequacy of nutritional management in many insti-
tutions. However, it has been reported that nutri-
tional support for malnourished patients has no di-
rect effect on their serum albumin levels (22, 23). In
agreement with results of previous studies, we found
no correlation between the serum albumin level and
caloric intake. Furthermore, there was no difference
in serum albumin levels between our greater and
lesser caloric intake groups during pressure ulcer
treatment. We often encountered cases in which the
serum albumin level did not increase despite nutri-
tional support with adequate calories and protein.
These findings suggest that the serum albumin level
is not suitable for assessment of nutrition support.
The serum albumin level is also reported to be a
useful indicator of disease prognosis, development
of complications, and mortality (24-29). To investi-
gate the relation between the serum albumin level
and inflammation as an indicator of disease severity,
we compared change in the CRP level between pa-
tients grouped according to whether their serum
Figure 3. Time course of serum albumin and CRP levels and
stage of the pressure ulcer in Case 1. Stage II, partial thickness
skin loss ; Stage IV, full thickness tissue loss (National Pressure
Ulcer Advisory Panel’s pressure ulcer staging system).
Figure 4. Time course of serum albumin and CRP levels and
stage of the pressure ulcer in Case 2. Stage II, partial thickness
skin loss ; Stage III, full thickness skin loss (National Pressure
Ulcer Advisory Panel’s pressure ulcer staging system).
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albumin level increased, decreased, or changed only
minimally during their hospitalization. The CRP level
decreased in the albumin-increase group and in-
creased in the albumin-decrease group, suggesting
that inflammation and the disease condition are im-
proving when the serum albumin level is increasing
and that the inflammation and disease condition are
worsening when the serum albumin level is de-
creasing. Additionally, we found that the serum al-
bumin level increased in the CRP-decrease group
and decreased in the CRP-increase group (data not
shown). Therefore, we believe that the serum albu-
min level can serve as at least one useful indicator
of inflammation and disease status. We did not re-
search serum proteins in addition to serum albumin.
However, several groups have reported that other
serum proteins being used to assess nutrition status,
such as prealbumin and transferrin, are also affected
by inflammation (30).
A low serum albumin level is reported to be a pre-
dictor of pressure ulcer development (17-19). To de-
termine whether the serum albumin level is indeed
a predictor of pressure ulcer or an indicator of pres-
sure ulcer healing, we analyzed serum albumin lev-
els in relation to depth of the pressure ulcer and
healing of the pressure ulcer in the patients in whom
the pressure ulcer developed after the admission.
There was no significant difference in the serum al-
bumin level upon admission between the shallow
pressure ulcer (Stage I) group and the deep pres-
sure ulcer (Stages II to IV) group. However, there
was a significant difference in the albumin level upon
admission between patients in whom the pressure
ulcer healed or did not heal during treatment. These
results suggest that the serum albumin level is not
a predictor of pressure ulcer development but that
it may be a good prognostic indicator of wound heal-
ing.
To investigate the relation between the serum al-
bumin level and survival, we compared the serum al-
bumin levels between patients who were discharged
and those who died during their hospitalization. In
our severely ill patients, the serum albumin level
was low upon admission and it decreased further as
their conditions worsened. Among patients who died
in the hospital, the albumin level upon admission
and the final level recorded were significantly lower
than the corresponding levels in patients who were
discharged. These results suggest that the serum
albumin level reflects inflammation and disease se-
verity and is closely related to survival outcomes in
patients.
Results of our study indicate that assessing nutri-
tion on the basis of serum albumin alone is inade-
quate because the serum albumin level is not always
high in patients with good caloric intake and a low
serum albumin level does not always mean malnu-
trition. We believe the serum albumin level to be a
useful indicator of patient prognosis and nutritional
risk (risk of malnutrition) as they pertain to the se-
verity of the disease and mortality because the se-
rum albumin level responds well to inflammation,
and hypermetabolism is related to the severity of
disease including pressure ulcers.
In conclusion, for assessment of nutritional status,
we advise clinicians to use not only the serum albu-
min level but also various indicators such as clini-
cal history, results of physical examination (body
weight, amount of muscle and fat), and standard
blood test results. Whether the serum albumin level
is high or low, patients should be individually pro-
vided with adequate nourishment.
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